Introduction
Nuclear factor kappa B (NF-jB) is a protein transcription factor required for maximal transcription of many proinflammatory molecules thought to be important in the generation of inflammation, including certain adhesion molecules (intercellular adhesion molecule 1), critical enzymes (inducible nitric oxide synthase, cyclooxygenase-2), and a number of cytokines (interleukin-1b, tumor necrosis factor-a, IL-6) and chemokines (IL-8) [1] [2] [3] . Since these molecules are regulated at the level of transcription and are involved in the inflammatory cascade, modulation of NF-jB is a critical intracellular pathway in the inflammatory cascade. NF-jB is sequestered in the cytoplasm by the inhibitor-kappaB (I-jB) family of proteins. NF-jB exists in several dimeric forms, but the p50/p65 heterodimer is predominant. Activation of NF-jB by a range of physical, chemical and biological stimuli leads to phosphorylation and proteasome dependent degradation of I-jB, leading to the release of free NF-jB. The freed NF-jB then binds to its target sites (jB sites in the DNA), to initiate transcription. This transcription is known to be involved in a number of diseases including cancer, AIDS and inflammatory disorders (see review in [4] ), such as lung disease [5] and atherosclerosis [6] .
Gynostemma pentaphyllum (GP) Makino (Cucurbitaceae) is a perennial creeping herb grown prevalently throughout China, India, Japan, Korea and Sri Lanka [7] , and traditionally prescribed in China as an expectorant for relieving cough and chronic bronchitis and for its diuretic, antipyretic and anti-inflammatory properties [8] [9] [10] . GP has been shown to inhibit and reverse the carcinomatous conversions of leukoplasia of golden hamster cheek pouches, indicating its positive anticarcinogenic effect [11] . Gypenosides (dammarane-type glycosides) derived from GP have been demonstrated to suppress LPS-induced nitric oxide (NO) production and inhibit LPS-induced inducible NO synthase (iNOS) enzymatic activity by attenuating NF-jB activation [12] , and to prevent progression of atherosclerosis [13] . It appears that modulation of the NF-jB pathway plays an important role in the anti-inflammatory effects of GP. However, the active components and molecular mechanism for suppressing NF-jB activation are still unknown. On the other hand, GP has been recently shown to clinically reduce serum total cholesterol, triglyceride and low density lipoprotein levels, and increase high density lipoprotein [14, 15] . Its mechanism for lipid-lowering is also unclear.
We have recently isolated gypenoside XLIX (Gyp-XLIX, a dammarane-type glycoside, Figure 1b) , as one of the main components of GP. The aim of the present study is to clarify the underlying molecular mechanism of GP and Gyp-XLIX for inhibiting NF-jB activation, as well as for lowering lipids.
Materials and methods
Anti-actin primary antibody, bezafibrate, boric acid, bovine serum albumin (BSA), ciglitazone, ethylenediaminetetraacetic acid (EDTA), lipopolysaccharide (LPS) from Salmonella minnesota, phosphate-buffered saline (PBS), pyrrolidine dithiocarbamate (PDTC), sodium dodecyl sulfate (SDS), Tris-base, tumor necrosis factor (TNF)-a, deuterated (d 5 )-pyridine (C 5 D 5 N) 99.5 atom% and filter agent Celite 521 were obtained from SigmaAldrich (Australia). MK-886 was purchased from Biomol (USA). Wy-14643 was purchased from Cayman Chemical (USA). All media and solutions used for tissue culture were obtained from Invitrogen (Australia). Chemicals used in phytochemical procedures were of analytical grade.
Source of GP extract and isolation and identification of Gyp-XLIX
GP extract containing >99% gypenosides was provided by Ankang Pharmaceutical Institute of the Beijing University, People's Republic of China. The extract was repeatedly fractionated using normal phase silica gel short column vacuum chromatography [16] . A stepwise gradient of increasing polarity of the mobile phase system consisting of chloroform:ethyl acetate:methanol was used to elute the sample. The fraction containing Gyp-XLIX was further purified using preparative HPLC eluted with an isocratic condition of 33% acetonitrile in water and detected at 206 nm. Finally the title compound was identified and characterized by LC/MS, GC/MS and NMR methods. Its spectroscopic data (data not shown) were shown to be identical to that reported in literature [17] .
Cell culture
The human embryonic kidney 293 (HEK293) cell line was obtained from the American Type Culture Collection. The human hepatocellular carcinoma cell line (HepG2) was as a kind gift of Dr. Javed Akhter (University of New South Wales, Australia). The human umbilical vein endothelial cells (HUVEC) line was as a kind gift of Dr. Pat Pisansarakit (Heart Research Institute, Australia). The THP-1 human monocytic cell line was as a kind gift of Dr. Asne Bauskin (St. Vincents Hospital, Australia). The HEK293 cells were grown in DMEM/F12 and HepG2 cells were cultured in DMEM. The THP-1 monocytes and macrophages were grown in RPMI 1640 in the presence of 50 lM b-mercaptoethanol. All media contained L-glutamine supplemented with penicillin (100 U/ml)/ streptomycin (100 lg/ml), and 10% (v/v) heatinactivated fetal bovine serum (FBS) in a humidified atmosphere of 5% CO 2 and 95% O 2 at 37°C. To induce monocyte differentiation into macrophage, the THP-1 monocytes were treated with PMA (400 ng/ml) for 72 h, before Wy-14643, Gyp-XLIX or vehicle (0.1% DMSO) were added, and incubated for a further 48 h in culture medium for the macrophage treatment experiments [18] . The HUVEC cells were grown in M199 medium (Invitrogen Australia) supplemented with 20% FBS, 50 lg/ml endothelial cell growth supplement (Sigma, Australia), 25 mM Hepes buffer, 2 mM L-glutamine, 100 U/ml penicillin, and 100 U/ml streptomycin. The HUVEC cell cultures were used within 3 weeks, between the second and fifth passage. Cytotoxicity of compounds used in the experiments was assessed by cell viability assays and in all conditions showed little or no effect on cell viability (>90% viability remained) (data not shown).
Transfection and luciferase assay
To determine peroxisome proliferator-activated receptor (PPAR) luciferase activity, the HEK293 cells were transfected as previously described [19, 20] . The plasmids used for transfection were tKPPREx3-Luc plasmid (a kind gift from Dr Teruo [20] , Gyp-XLIX or vehicle (0.1% DMSO). After 24 h, the cells were lysed and assayed for luciferase and b-galactosidase activities. MK-886, a selective antagonist for PPAR-a [21] , was added 1 h before addition of Wy-14643 and the test samples. For NF-jB luciferase activity, RAW 264.7 macrophage, THP-1 monocyte or HUVEC cell lines were transiently transfected with p-NFjb-Luc (a kind gift from Dr. Sheridan Henness, University of Sydney, Australia) and pSV-bGalactosidase Control Vector (Promega) to normalize transfection efficiencies, as described previously [14, 22, 23] . The RAW264.7 macrophages were pretreated for 1 h with either vehicle (DMSO) or PDTC (100 mM, a known inhibitor of NF-jB) [24] , GP extract (5-100 lg/ml) or Gyp-XLIX (1-300 lg/ml) 4 h prior to treatment with LPS (100 ng/ml). For THP-1 monocytes, the transfected cells were cultured for 46 h before stimulation with LPS (10 lg/ml) for 6 h after 1 h pretreatment with Wy-14643 (50 lM) and gyp-XLIX (50 lM). Experiments performed in HUVEC cells (Figure 4b ), the transfected cells were treated with Wy-14643 (50 lM) and Gyp-XLIX (50 lM) for 24 h before stimulation with TNF-a (20 ng/ml) for a further 6 h. MK-886 (20 and 50 lM) was added 1 h before addition of compounds in both THP-1 monocyte and HUVEC cell lines experiments. Cells were lysed and assayed for luciferase and b-galactosidase activities using the Bright-Glo Luciferase Assay System and Beta-Glo Assay System (Promega, Australia), respectively. The results were expressed as relative luciferase activity (fold difference compared to negative control).
Semi-quantitative mRNA analysis
Total mRNA was prepared separately from the THP-1 macrophage cells using TRIzol (Invitrogen, Australia). The relative levels of specific mRNAs were assessed by reverse transcription polymerase chain reaction (RT-PCR), as described previously [25] . Single-stranded cDNA was synthesized from 1 lg of total RNA using SuperScript II Rnase H Reverse Transcriptase, as per instructions of the manufacturer (Invitrogen, Australia). PCR was performed on a thermocycler, PTC-200 DNA engine (MJ Research Inc, USA). The required cDNA was synthesized with the Platinum Ò Pfx DNA Polymerase method (Invitrogen, Australia). The genes examined were PPAR-a (S74349; 371 bp; sense: 5¢-CTGGAAGCTTTGGCTTTACG-3¢ and antisense: 5¢-GTTGTGTGACATCCCGACAG-3¢), PPAR-b (NM006238; 351 bp; sense: 5¢-CTCACT GCTGGACCAACTGC-3¢ and antisense: 5¢-TGT ACTGGCTCCCCTCGTTT-3¢), PPAR-c (L40904; 382 bp; sense: 5¢-GAGCCCAAGTT TGAGTTTG C-3¢; 5¢-TGGAAGAAGGGAAATGTTGG-3¢) and b-actin (NM001101; 629 bp; sense: 5¢-GGAG TAACCAGGTCGTCCAA-3¢; 5¢-GAAGGTGCC CAGAATACCAA-3¢). To determine the selectivity of receptors for Gyp-XLIX, the positive controls used were: Wy-14643 for PPAR-a [20] , bezafibrate for PPAR-b=d [26] and ciglitazone for PPAR-c [27] ( Figure 8a ). The PCR samples were electrophoresed on 5-12% acrylamide gel (29:1, acrylamide:N,N¢-methylene-bis-acrylamide) in TBE buffer (89 mM Tris-base pH 7.6, 89 mM boric acid, 2 mM EDTA). The gels were stained with ethidium bromide (10 lg/ml) and photographed on top of a 280 nm UV light box (Biorad Ò Gel Doc 1000). The gel images were digitally captured with a CCD camera and analyzed with ImageJ 1.29Â (NIH, USA). RT-PCR values are presented as a ratio of the specified gene signal in the selected linear amplification cycle divided by the b-actin signal.
Protein extraction and semi-quantitative immunoblotting
Immunoblots were conducted as described previously [27, 28] . The proteins from the cells were prepared using the cell lysis buffer (Cell signaling, USA). The lysed cells were centrifuged at 16,000Âg (SS-34 rotor, Sorvall Centrifuge, USA) for 30 min and supernatants resolved by reducing SDS-PAGE (10% polyacrylamide gels). Protein was transferred to PVDF membranes with Dunncarbonate transfer buffer (10 mM sodium bicarbonate, 3 mM sodium carbonate and 15% MeOH, 4°C) and blocked in 5% skim-milk powder (Sigma, Australia) overnight. The primary antibodies (Santa Cruz Biotechnology, USA) were anti-PPAR-a rabbit polyclonal IgG (1:500 dilution), anti-PPAR-b=d rabbit polyclonal primary antibody (1:400 dilution), anti-PPAR-c rabbit polyclonal primary antibody (1:500 dilution) and anti-I-jB a rabbit polyclonal (1:400 dilution) and anti-NF-jB(p65) rabbit polyclonal (1:400 dilution). After incubation with the specified primary antibodies, the membrane was washed and further incubated with horseradish peroxidase conjugated anti-rabbit secondary antibodies (1:10,000 dilution; Promega, USA). Bound antibodies were detected using enhanced chemiluminescence with Lumi-Light Western Blotting Substrate (Roche). The membranes were exposed to X-ray film (Kodak, USA) and developed using the SRX-101A X-ray developer (Konica, Taiwan). Quantitation of the results was performed by scanning the X-ray film with Molecular Analyst software (version 2.1.2, Biorad, USA) followed by densitometry with the public domain software, NIH Image, version 1.62. Protein expression was quantified by normalization to actin. The membranes were reprobed with anti-actin primary antibody (1:1000 dilution; Sigma, Australia) after stripping of the previous primary antibody by boiling the membrane in distilled water for 5 min. The membranes were washed in fresh distilled water and re-incubated with horseradish peroxidase conjugated anti-rabbit secondary antibody and detected using the same procedure as described above. The nuclear protein NF-jB(p65) and the cellular protein I-jB a were extracted with CelLytic TM NuCLEAR TM Extraction Kit (Sigma, Australia) according to the manufacturer's manual. Protein contents were determined using Bradford assay method using BSA as a standard [29] .
Statistical analysis
All results are expressed as means±SEM. Data was analysed by 1-factor analysis of variance (ANO-VA). If a statistically significant effect was found, the Newman-Keuls test was performed to isolate the difference between the groups. p values less than 0.05 were considered as indicative of significance.
Results
Effects of Gyp-XLIX on LPS-and TNF-a-induced inhibition of I-jBa and activation of NF-jB in cell lines GP has been used clinically in the treatment of various inflammatory diseases (see Introduction). NF-jB is well known to be involved in the initiation and development of various inflammatory conditions. LPS and TNF-a are well known pro-inflammatory agents activating the NF-jB pathway in cell lines [30] [31] [32] . We have recently reported that gypenosides derived from GP suppress LPS-induced inducible NO synthase enzyme level by attenuating NF-jB activation in murine macrophages [12] . In the present study, we first investigated the effect of Gypenoside XLIX on LPS-induced NF-jB activation by the same method in the same cell line. The results showed that LPS evoked NF-jB promoter activity in RAW 264.7 macrophages (Figure 1a ). Positive control PTDC (100 mM) completely inhibited this activation of NF-jB promoter activity. GP extract (5, 10, 50, and 100 lg/ml) and Gyp-XLIX (1, 10, 100 and 300 lM (equivalent to 1, 10, 105 and 314 lg/ml) also potently inhibited NF-jB promoter activity (Figure 1a) .
Upon stimulation of the NF-jB system by LPS and TNF-a, I-jBa is phosphorylated by I-jB kinases and subsequently degraded to release NFjB, which is then translocated to the nucleus where it activates various genes [33] . NF-jB activation increases the p65 subunit of NF-jB protein level in the nucleus, whereas the cytosolic I-jBa protein level is reduced. To further evaluate the generality of the inhibitory effect of Gyp-XLIX on NF-jB activation, cytosolic and nuclear extracts from THP-1 monocyte and HUVEC cells endogenously expressing PPAR-a [34, 35] were analyzed by immunoblotting for I-jBa and NFjB(p65) protein levels, respectively. Pretreatment of the cells with Gyp-XLIX prior to exposure to the respective stimulus was performed as described in the Methods. The results show that in the presence of LPS or TNF-a the protein expression of I-jBa in the cytosol was decreased compared to that of LPS-untreated THP-1 monocyte (Figure 2a ) or TNF-a-untreated HUVEC cells (Figure 3a) , respectively. In contrast, the protein expression of NF-jB(p65) in the nuclear fraction was enhanced with both stimulants (Figures 2b  and 3b, respectively) . PDTC at 100 mM normalized the reduction in cytosolic I-jBa protein by LPS (Figure 2a) and to a lesser extent TNF-alpha ( Figure 3a ) and reduced nuclear NF-jB(p65) protein levels under these conditions (Figures 2b and  3b) . Similarly, Gyp-XLIX also restored I-jBa protein levels reduced by LPS and TNF-a in the cytosol at 100 and 300 lM (Figures 2a and 3a,  respectively) , and decreased the translocation of NF-jB(p65) to the nucleus at 300 lM (Figures 2b  and 3b ).
Effects of GP extract and Gyp-XLIX on PPAR-a in cell lines
PPARs (PPAR: -a, -b=d and -c) play an important role in the transcriptional regulation of genes coding for proteins involved in lipid utilization and storage, lipoprotein metabolism, adipocyte differentiation and insulin action [36] . PPARs also control the expression of genes implicated in the inflammatory response via inhibition of different inflammatory pathways including NF-jB [37] , in which PPAR-a has been suggested to negatively interfere with inflammatory gene expression by up-regulation of the cytoplasmic inhibitor molecule I-jB [38] . The inhibitory effects of GP extract and Gyp-XLIX on NF-jB activation (see above results) and hyperlipidemia (see Introduction) suggests the possibility that their effects occur through PPARs. We tested the hypothesis by applying a selective antagonist MK-886 [21] in the THP-1 (Figure 4a ) and HUVEC (Figure 4b ) cell lines transfected with NF-jB luciferase reporter plasmid. Interestingly, MK-886 (20 and 50 lM), a selective PPAR-a antagonist, abolished the inhibitory effects of both Wy-14643 (50 lM, an effective PPAR-a agonist) [20] and Gyp-XLIX (50 lM) on LPS- (Figure 4a ) and TNF-a (Figure 4b) -induced enhancement of NF-jB luciferase activity in macrophages.
To further prove that GP-extract and Gypenoside XLIX selectively and specifically activate Figure 2 . Effects of Gyp-XLIX on LPS-induced decrease in cytosolic I-jBa protein expression (a) and increase in translocation of NF-jB(p65) to the nucleus (b) in THP-1 monocytes. THP-1 monocytes were pretreated with Gyp-XLIX (10, 100 and 300 lM) and PDTC (100 mM) for 30 min before stimulation with LPS (100 lg/l) for 5 h. Cytoplasmic and nuclear fractions were subjected to SDS-PAGE followed by immunoblotting using anti-I-jBa and anti-NF-jB(p65) antibodies. Protein contents were determined using the Bradford assay method with BSA as a standard. The results were normalized to actin. Levels in vehicle (LPS-) were arbitrarily assigned a value of 1.0. All values are means±SEM (n=3 each in duplicate) vs. control (PDTC with LPS), *p<0.05.
PPAR-a, we used HEK293, a cell line lacking endogenous expression of PPAR-a [19] and transfected with PPAR-a luciferase plasmid. Like 50 lM Wy-14643, which at 50 lM induced PPAR-a luciferase activity (Figure 5a ) in HEK293 cells transfected with the tK-PPREx3-Luc reporter plasmid and expression vectors for PPAR-a, GP extract (1-100 lg/ml) also concentration-dependently enhanced PPAR-a luciferase activity (Figure 5a ). The enhancing activities of both Wy-14643 and GP extract were inhibited by MK-886 in a concentration-dependent manner (Figure 5b) . Further results showed that Gyp-XLIX (0-500 lM) also concentration-dependently enhanced PPAR-a luciferase activity (EC 50 : 10.06 lM) to a similar extent to Wy-14643 ( Figure 6a ). The selectivity of Gyp-XLIX was examined by transfecting the HEK293 cells with expression vector for PPAR-b=d or PPAR-c1 plasmids. Whereas Gyp-XLIX effectively enhanced PPARa luciferase activity, it showed minimal effects on PPAR-b=d and -c1 luciferase activity, even at high concentrations (Figure 7a ). To further confirm this selectivity for PPAR-a, THP-1 derived macrophage, a cell line endogenously expressing the three PPAR isoforms [18, 39] , was employed mRNAs and protein were extracted from the cells and examined by RT-PCR and immunoblotting, respectively. Treatment for 48 hours with vehicle (DMSO), Gyp-XLIX and the respective positive controls for PPAR-a (Wy-14643, 50 lM), PPARb=d (bezafibrate, 100 lM) and PPAR-c (ciglitazone, 10 lM), showed comparable profiles in both PPAR-a mRNA (Figure 7b ) and protein (Figure 7c ) expression, with minimal or no significant increase in mRNA and protein expression for PPAR-b=d and -c.
Finally the specificity of Gyp-XLIX for PPAR-a was examined using the inhibitor MK-886. HEK293 cells were transiently transfected with the reporter construct and expression vector for PPARa as described above. MK-886 (20 lM and 50 lM) was added 1 h prior to addition of Wy-14643 (50 lM) and Gyp-XLIX (50 lM). The induction of PPAR-a luciferase activity by Wy-14643 was completely suppressed by MK-886 at 50 lM (Figure 8 ), consistent with previous findings [21] . Similarly, Gyp-XLIX-induced enhancement of Figure 3 . Effects of Gyp-XLIX on tumor necrosis factor (TNF)-a-induced decrease in cytosolic I-jB a protein expression (a) and increase in translocation of NF-jB(p65) to the nucleus (b) in human umbilical vein endothelial cells (HUVEC) cells. HUVEC cells were pretreated with Gyp-XLIX (10, 100 and 300 lM) and PDTC (100 mM) for 30 min before stimulated with TNF-a (20 ng/ml) for 5 h. Cytoplasmic and nuclear fractions were subjected to SDS-PAGE followed by immunoblotting using anti-I-jB a and anti-NF-jB(p65) antibodies. Protein contents were determined using the Bradford assay method with BSA as a standard. The results were normalized to actin. Levels in vehicle (LPS-) were arbitrarily assigned a value of 1.0. All values are means± SEM (n=3 each in duplicate) vs. control (PDTC with LPS), *p<0.05.
PPAR-a promoter activity was attenuated by MK-886 concentration-dependently ( Figure 8 ). This result was further confirmed in studies using the THP-1 derived-macrophage, which showed a decrease in PPAR-a mRNA (Figure 9a ) and protein ( Figure 9b ) expression following treatment with Gyp-XLIX in the presence of MK-886. This confirms the specificity of Gyp-XLIX for PPAR-a. Taken together the results consolidate the finding that Gyp-XLIX is an activator for PPAR-a with similar potency to Wy-14643, an activity also found in the GP extract from which it is derived, and that the activation is selective for PPAR-a.
Discussion
Compounds derived from plant extracts are being increasingly utilized to treat a wide variety of clinical diseases. Identifying lead compounds from nature with increasing efficacy and safety may be particularly important for potential treatment of the growing population of predyslipidaemic patients as well as patients suffering from ischemic heart disease and hypertension. GP is a traditional Chinese medicine popular in a number of countries as a treatment for hyperlipidemia and various inflammatory diseases, especially in respiratory and cardiovascular systems (see Introduction). The medicinal properties of GP have been mainly attributed to the dammarane type triterpene components, also known as dammarane saponins which make up about 2.4% of the dried herb, with $75% being gypenosides [40] . As gypenosides are structurally related to ginseng saponins, the ginsenosides, which are the well-known biologically active principles in Korean ginseng, GP has received much attention in recent times. Gypenosides have been reported to be effective in the treatment of cardiovascular diseases, especially in hyperlipidemia and ischemic heart diseases [10, 41] and atherosclerosis [13] . We have recently demonstrated that GP extract improves hyperlipidemia and hyperglycemia in Zucker diabetic fatty rat, a genetic model of type 2 diabetes and obesity (our unpub-
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(µM) lished data). Gyp-XLIX (C52H86O21: 1047.2388, Figure 1b) is one of the main gypenoside components contained in GP. Although Gyp-XLIX has been known for more than 20 years [42] , its biological activities have not been addressed. In the current study we have isolated Gyp-XLIX from an extract of GP used therapeutically in China and investigated the receptor-based mechanism of its potential anti-inflammatory and lipidlowering actions. NF-jB is one of the main transcription factors thought to be involved in inflammation and allergic disorders. Most of the inflammatory genes overexpressed in inflammation, such as those encoding proinflammatory cytokines, chemokines, adhesion molecules and inflammatory enzymes, contain jB sites for binding of NF-jB within their promoter, suggesting that these genes are controlled prominantly by NF-jB [5] . NF-jB is a heterodimer of two subunits, p50 (NF-jB1) and p65 (Rel A), the latter which is normally present in the cytoplasm in an inactive state complexed with its inhibitory subunit, I-jBa. Upon phosphorylation and subsequent degradation of I jBa, the nuclear localization signal on the p50-p65 heterodimer is exposed, leading to nuclear translocation and transcription of dependent genes [43] . In the present study, GP extract and one of its main components Gyp-XLIX were shown to inhibit LPS-induced NF-jB activation in murine macrophages. Furthermore, Western blots demonstrated that Gyp-XLIX restored the LPS-and TNF-a-induced decrease in cytosolic IjBa protein expression and inhibited the appearance of NF-jB(p65) in the nucleus in THP-1 monocyte and HUVEC cells. These results therefore suggest that inhibition of NF-jB activation is an important mechanism of GP action in the treatment of various inflammatory diseases, in which Gyp-XLIX is, at least in part, responsible.
We have established for the first time in the present study that the effects of GP and its isolated gypenoside component are mediated through a , bezafibrate (100 lM, a selective PPARb=d activator), ciglitazone (10 lM, a selective PPAR-c activator) and Gyp-XLIX (10, 100 and 300 lM). Total mRNAs and protein were prepared from the cell pellets using TRIzol and cell lysis, and analyzed with RT-PCR and immunoblotting methods, respectively. The results were normalised to b-actin (for mRNA) or actin (for protein). Control (con) levels were arbitrarily assigned a value of 1.0. All values are means±SEM (n=3 each in duplicate) vs. control, *p<0.05.
PPAR-a-mediated process. PPAR-a is expressed not only in metabolically active tissues including the liver, heart, kidney, skeletal muscle and brown fat, but also in monocyte/macrophages, vascular smooth muscle cells, and endothelial cells [44] .
Further, PPAR-a agonists have been in use for over 4 years in the treatment of dyslipidemia, mainly for their actions of lowering TG levels [44] . Besides, PPAR-a activators have been also shown to negatively regulate NF-jB driven gene transcription in differnt cellular models [32, 45, 46] . In a recent study activation of PPAR-a by fibrates has been shown to terminate activation of inflammatory pathways through modulation of NF-jB translocation to the nucleus and also downregulation of basal NF-jB expression, terminating activation of inflammatory pathways [47] . PPAR-a activators increase I-jBa mRNA and protein levels in human aortic smooth muscle cells [48] . This action of PPAR-a activation on I-jBa expression likely contributes to the overall antiinflammtory activities of PPAR-a agonists. Since GP is known to elicit anti-inflammatory, lipidlowering and NF-jB activation-inhibiting properties, and since all these events may occur through activation of PPAR-a, we hypothesized that GP may have a PPAR-a activator activity. First we tested this hypothesis by examining the effect of MK-886, an antagonist specific for PPAR-a [21] on GP and Gyp-XLIX activities. The effects of Gyp-XLIX (50 lM) on LPS-and TNF-a-induced enhancement of NF-jB activity in macrophages were completely abolished in the presence of MK-886 (50 lM), consistent with the parallel inhibition of the selective PPAR-a agonist Wy-14643 (50 lM, a potent selective PPAR-a agonist) [20] under the same conditions. The results suggest that activation by Gyp-XLIX of PPAR-a. The fact that Gyp-XLIX potently enhanced PPAR-a (luciferase activity, mRNA and protein expression), without affecting PPAR-b=d or PPAR-c1, in the HEK293 cells transfected with expression vectors and in THP-1-derived macrophage endogenously expressing the three PPAR isoforms, demonstrated its selectivity for PPAR-a.
In conclusion, our findings that suggest that Gyp-XLIX isolated from the natural product Chinese medicine Gynostemma pentaphyllum inhibits inflammatory stimuli-induced NF-jB, providing a rationale for the use of this extract in various inflammatory and cardiovascular conditions. The work has demonstrated for the first time that the GP extract effects occur at least in part through activation of PPAR-a, an effect also present in the major component gypenoside Gyp-XLIX isolated from the extract. These studies provide potentially important insight into molecular mechanisms of action of GP on inflammation and hyperlipidemia. 
